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Introduction

Course Overview

Pressure Safety Orientation is required for all Los Alamos National
Laboratory personnel who work on or near pressure systems and
are exposed to pressure-related hazards . This includes pressure-
system engineers , designers , fabricators , installers, operators,
inspecto rs, maintaine rs, and others who work with pressu rized
fluids and may be exposed to pressure -related hazards .

This course includes introductory information on the following
topics:

• the Laboratory Pressure Safety Program,
• pressure-related hazards and accidents, and
• pressure system safety .

Course Objectives

When you have completed this course, you will be able to
• recognize that gas compressed above atmospheric pressure

can be a significant source of energy and must be handled
carefully ,

• list the major components of the Laborato ry Pressure Safety
Program ,

• describe pressure-related accidents and lessons learned, and

• recognize basic pressure system safety features .
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Notes . . .



Module 1 : Laboratory Pressure Safety Program

Module Overview

EW
To help protect workers and others from pressure-related hazards,
the Laboratory has instituted a pressure safety program designed
to increase your awareness of and mitigate such hazards .

Module Objectives

When you have completed this module, you will be able to

• list training requirements for pressure-system workers;

• identify pressure-related codes, standards, regulations, and
Laboratory requirements ; and

• identify Laboratory pressure safety resources and supports .

Pressure Safety Training Requirements

At the Laboratory , all pressure systems must be designed,
installed, tested , inspected-, ;iaintained, and operated by trained
and qualified no oonnel .

Line managers are responsible for ensuring that their workers are
trained and qualified. However, if you feel you are not sufficiently
prepared for a particular job, you should request fur ther training
before you begin the work .

Other safety courses are required if they apply to your job. These
include

• Cas Cylinder Safety,
• ln' armediate- and High-Pressure Safety,
• Cryogen Safety, and

• Hydrcgen Gas Safety (Self-Study) .

Pnswrnsahty Orientation 3



Module 1 : Laboratory Pressure'Safety Program

Pressure Safety Documents

Many hazardous operations require the use of clear, wri tten hazard
control plans (HCPs) or special work permits (SWPs). These help
ensure that all safety precautions are taken . They also suppo rt a
continuing " institutional memo ry" of safety precautions as personnel
come and go . Laboratory pressure safety documents are based on a
variety of pressure-related codes, standards , and regulations .

Safety Codes, Standards, and Regulations

All pressure systems must be designed, installed , tested,
inspected , maintained , and operated in compliance with national
codes and consensus standards , . including
• American Society of Mechanical Engineers (ASME) Boiler and

Pressure Vessel Code;
• American National Standards institute (ANSI)/ASME Pressure

Piping Code;
• Matheson Gas Data Book,
• Compressed Gas Association (CGA) handbook and pamphlets;

• National Fire Codes and Standards;

• Title 29, Labor, Code of Federal Regulations , Part 19%O
(29 CFR 1910) ;

• Title 49, Transportation, Code of Federall Regulations, Parts
106-180 (49 CFR 106-180) ;

• Uniform Fire Code ;
• UhHbrmt Building Code; and
• federal and state envi ronmental regulations.



Module 1: Laboratory Pressure Safety Program

Pressure Safety Documents-continued

Laboratory Pressure Safety Program Documents

The Laboratory interp rets these codes and standards and provides
guidance for safety compliance . These interpretations are located
online in Laboratory Implementation Requirements (LIRs) and
Laboratory Implementation Guidelines (LIGs). They include
• LIR402-510-01, Chemical Management
• LIR402-1200-01 .0, Pressure, Vacuum, and Cryogenic Systems ;
• LIR402-580-01 .0, Cryogenic Fluids or Cryogens;
• LIG402-1200-01, Compressed Gases ;
• LIG402-1200-03, Gaseous and Liquid Hydrogen; and
• LIG402-1200-02, Inspection and Testing of Pressure Systems .



Module 1 : Laboratory Pressure Safety Program

Pressure Safety Program Assistanc e

Various groups at the Laboratory are part of the pressure safety
program and can help with many phases of pressurized work . .

Phone
Pressure Safety Issue Group Number

Operational controls Indust rial Hygiene and Safety 7-4644
Group (ESH-5)

Toxicity and venti lation ESH-5 7-5231

System design Project Management Division 5-0000
Office (PM-DO)

Operation, maintenance, Facilities Operations , 7-4657
and testing Maintenance , and Modification

Group (FWO-FE)

Fire-protection standards Fire Protection Group (FWO- 7-9045
FIRE)

Pressure-gauge calibration Standards and Calibration 7-4864
Group (ESA-MT)

Gas-facility safety Materials Management Grop 7-4406
(BUS-4)

Risk analysis Facility Risk Management 7-3363
Group (ESH-3)

Training Envi ronment, Safety , and Health 7-0059
Training Group (ESH-13)



Module 1 : Laboratory Pressure Safety Program

Pressure Safety Program Assistance-continued

Two pressure safety commi ttees at the Laboratory offer help with
review and guidance .

Committee Services

Cryogen and Liquefied • Reviews pressure safety progra m
Gas Safety Commi ttee documents .
(CLGSC) • Distributes information.

• Assists with h azard assessments, HCPs,
and SWPs.

• Reviews operations, systems , and the
safety of cryogenic Dewars .

For information on the CLGSC, call 7-4240 .
Pressure Vessel and • Reviews designs .
Piping Commi ttee (PVPC) • Advises and consults .

• Prescribes Laboratory-wide safeguards .
• Reviews noncode designs.
• Reviews vacuum vessels .
For information on the PVPC , ^al$ 5-8503.



Module 1 : Laboratory Pressure Safety Program

Lessons Learned : Dewar Explosion

IL

Scenario

In December 1992 , researchers at the Laboratory were using small
quantities of liquid nitrogen to cool a neutron detector . To avoid
having to repeatedly return to work during the winter holidays, they
imp rovised a delive ry system to automatically cool the equipment
from a larger Dewar. Their homemade system included an inve rted
Dewar to deliver the liquid . An inadequate vent line passed the
liquid nitrogen through to the atmosphere . The Dewar was
connected to the detector equipment with noncryogenic valves and
was capped with a heat-conducting cap before being inve rted. No
extra relief valve or rupture disc was included in the system .

After filling, the Dewar began to pop like a coffee percolator, and
streams of liquid vented from the detector relief valve. Approximately
three minutes after the office was vacated , the Dewar exploded,
causing extensive damage to the room . A motion detector located
nearby was jarred , which registered the explosion and initiated a
search . A window was blown out , the ceiling and walls were
damaged , and scientific equipment in the room was damaged .

Fortunately , the Dewar failed at approximately 500 pounds per
square inch (psi) . Confined boiling liquid ni trogen can m ch
pressures as high as 43,000 psi-a level of energy that can cause
mass destruction and fatalities .

Causes

Investigators determined that the immediate cause of the accident
was an obstruction in the vent line, caused either because a cap
screw was uireaded into it or because an ice plug formed in it.
Pressure buildup with inadequate pressure relief caused the inner
wall of the Dewar to fail . When the fluid reached the warm outer
wall, it quickly began to boil , creating pressure that caused the
outer vessel to explode.

Investigators determined that this system had not been reviewed
independentry for safety and reliability, a violation of administrative
requirements . They also found that the workers lacked adequate
awareness of W a proper ties and hazards of cryogen and adequate
training and experience in the design of such systems .



Module 1 : Laboratory Pressure Safety Program

Lessons Learned : Dewar Explosion-continued

Corrective Action s

The disregard of adminstrative requirements for proper engineering
review prompted a call for st rict adherence to the pressure
protocols in LIR402-580-01 .0 .

Future operations and any changes to exis ting procedures were to
be thoroughly reviewed by approp riate organizations. Training
plans, including on-the-job training, were imp roved to provide
be tter-qualified personnel . Workers and superv isors were reminded
of their training responsibilities . HCPs were written for the use of
liquid nitrogen . Requirements for yearly safety inspections and daily
walkdowns by the area supe rv isor were reinforced . Training plans,
which include on-the-ob training , were revised , and workers and
supe rvisors were reminded of their training responsibilities .

Pn"sun: SafWyOrlsnbtlon 9



Module 1: Laboratory Pressure Safety Program

Notes . . .
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Module 2 : Pressure-Related Hazards and Accidents

Module Ove rview

Pressure systems can be the source of serious accidents, some
resulting from the characteristics of the pressurized contents,
others from pressure-related impacts on the system or its
surroundings . Recognizing the major causes and types of pressure-
related accidents and their possible outcomes underscores the
importance of safe work practices in preven ting such accidents .

Module Objectives

When you have completed this module, you will be able to
• recognize hazards associated with pressurized fluids,
• describe the causes of pressure-related accidents, and
• recognize the impo rtance of safety while working wii;'

pressu rized systems and containers .

Hazards Associated with Pressurized Field s

Pressurizcu gases and liquids pose various hazards that can result
in personal injury and property damage. Your familiarity with these
hazards will help you to control them. You may encounter any of
the following general hazards when you work on or around
pressure systems :

Mechanical failu re-Gas cylinders at the Laboratory are generally
filled to around 2100 pounds per square inch gauge (psig) . Under
such high pressure, damaged or mishandled cylinders can fracture
violent:`y .

For example, dropping or overheating a pressurized cyiin& r can
cause a fracture and a sudden release of the cylinder's contents .
Other mis :candled or poorly designed cryogenic and pressure
vessels and their fittings can also fracture or become airborne .

Whipping injuries-If not secured properly, broken gas lines and
hoses can cause severe whipping injuries .

Pnasurn Sahty OrMntatlon 11



Module 2 : Pressure-Related Hazards and Accidents

Hazards Associated with Pressurized Fluids-continued

Injection hazards-Pressurized fluid leaking from a small opening
at high velocity can penetrate the skin and cause internal damage .

Oxygen-deficient atmosphere--When a compressed inert gas or
any otherwise-harmless gas escapes from its container, it may
displace oxygen in the air to dangerous levels, putting workers at
risk of asphyxiation . This situation can be especially hazardous in
small, enclosed work areas, such as trailers .

Reactivity hazards-Some gases are toxic , corrosive, or
flammable and require special handling . For example ,
• fluorine , which is poten tially fatal-if inhaled, can corrode many

systems materials;
• oxygen , although not inherently flammable, will make flammable

objects ignite more easily and bum much more intensely ; and
• aluminum bums hotly in the presence of pure oxygen .

Cryogen hazards-When used improperly or because of
unforeseen problems , a cryogenic system can develop very high
pressures. Thus, cryogenic systems must be equipped with
pressure -relief devices to prevent dangerous levels of pi?ssure
buildup in all portions of the system where
• liquid cryogens are present ,
• cryogen boil-off gases cou be trapped, or
• air could -.at Odense and become trapped.

Cryogenic materials are extremely cold and can cause injuries
similar to bums . Cryogens can also expand greatly as they warm to
room temperature , creating hazards related to energy release and
oxygen deficiency.

12



Module 2 : Pressure-Related Hazards and Acc idents

Causes of Pressure-Related Accidents

Pressure-related accidents often result from one of three general
causes:
• failure to consider and control hazards ,
• failure to identify hazards during the work process, or
• failure to follow safe work practices .

More specifically, pressure -related accidents usually stem from
• poor design in terms of

- control and safety devices,
- material strengths, o r
- material oompatibilty ;

• faulty component manufacture ;
• faulty assembly and/or installation ;

• poor maintenance; or

• poor operating procedures, including failure to follow HCPs .

Pr"wn salwyod nbtlon 13 .



Module 2: Pressure-Related Hazards and Accidents

Lessons Learned : Glove Box Overpressurization

Scenarios

As part of their design, glove boxes are often supplied with a
constant flow of gas, such as argon , nitrogen , oxygen , compressed
air, or instrument air. Engineers at the Savannah River Site
determined through a hazard analysis that an accident scenario
involving a breached glove box would occur should both the flow
regulator (on a 2640-psig supply of compressed gas) and the
pressure-relief device fail simultaneously.

The normal inlet and exhaust flow rates that these glove boxes
can handle is about 40 standard cubic feet per minute (scfm).
Engineers determined that a failed flow regulator would result in
an unimpeded flow rate as high as 923 scfm. Such a dramatic
increase would certainly result in an overpressurization . Without a
working pressure-relief device , pressure buildup in the glove box
would breach the glass or plastic enclosu re and disperse
radioactive material into the surroundings .

A review by the Savannah River staff of past occurrences showed
that glove boxes have been overpressurized, resulting in ruptured
windows . Th is has occurred at Oak Ridge National Laborato ry
during fire-system tests using a 35-psig compressed-gas supp`j of
argon . At Los Alamos National Laborato ry in July 1 264, a glove box
was overpressurized in the plutonium processing facility . The
resulting failure of the glass wirdiaw resulted in the contamination of
two persons.

Causes

The Oak Ridge occu rrences were the result of pressurized argon
being injected into a glove box that lacked adequate pressure- relief
components .

The Los Alamos occurrence was traced to a closed butterfly valve,
combir :,4d with the effects of having doors dosed on nearby glove
boxes . This combination effectively reduced the glove box exhaust
capacity o zero and led to overpressu rization.

Questions

1 . What could have been done to prevent the Oak Ridge
occurrences?

2. What could have been done to prevent the Los Alamos
occurrence?

14 Pr.uu, Si s y orftnN IOn



Module 2 : Pressure-Related Hazards and Accident s

Lessons Learned : Glove Box Overpressurization-continued

Corrective Actions

Facility managers must ensure that compressed-gas sources are
identified , analyzed , and control led. Inlets to glove boxes should
have fixed restrictors , flow preventors, or pipe -sized reductions built
into the lines . Faci lity managers should ensure that their fa cility
authorization basis includes a hazard analysis for compressed
gases or that required engineering controls are used.

Lessons Learned : Tube Trailer Explosion

Scenario

k4010 In 1981 , workers at the Laboratory we re filling hydrogen cylinders
from a large , hydrogen-filled tube trailer . A common manifold was
used which also connected a tube of oxygen . Only one valve
separated these incompatible gases . The valve leaked .

Because the energy requi red to ignite hydrogen/oxygen mixtures is
so low and can even be created by fri ction , rushing sand particles
in the tubing sparked an explosion . Pieces of the tube fl€•w as far as
the Los Alamos landfill , approximately 700 yards away. Twi:
workers were injured , and damage to equipment + ;, extensive.

Causes

lnvestigato determined that the fittings for the hydrogen and
oxygen delivery systems we re similar, allowing the connection of
incompatible gases to the same manif old. In addition, workers were
not following procedures and did not understand the serious
hazards of mixing hydrogen and oxygen.

Corrective Actions

As a result of the explosion ,

• the p s facility 's management structure was changed;

• standard operating procedures we re rewritten;
• worker training requirements were improved ; and

• engineering changes were made , including changing the fittings
to make it impossible to mistakenly mix hyd rogen and oxygen.

is



Module 2: Pressure-Related Hazards and Accidents

Low-Pressure/High-Volume Systems

The total force of even very low pressure on a large area can create
a serious hazard . Failure to consider low-pressure/high-volume
hazards can have serious consequences, which may not be readily
apparent .

The magnitude of a pressure-related ac cident is related not only to
the pressure level but also to the total stored energy . Large
pressurized surfaces-even at ve ry low pressures-can store huge
amounts of energy . If released, such energy can explode forcefully,
causing severe accidents and injuries .

For example, an overpressure of only 5 psig on a 4-foot-diameter
manhole cover on a large tank caused two fatalities when the bolts
we re removed for routine maintenance.

is



Module 3 : Pressure System Safety

Module Overview

URF To prevent accidents such as those described in the previous
module, pressure-control devices are designed into any system
that is pressurized above the ambie nt pressure. Many pressure
systems-whether their energy source is a compressed gas
cylinder or a compressor-use safety manifolds, relief devices,
and pressure gauges to ensure that each portion of the system
operates at safe pressures . Carefully chosen pressure-system
components can handle the expected pressures and are
compatible with the properties and temperatures of the fluids
they contain .

Module Objectives

When you have completed this module , you will be able to
• define basic pressure-system terms ,
• recognize safety components bust into pressure systems, and

• list safe work practices relating to pressure systems.

Terms and Definitions

The following terms are used in discussing pressure-system safety :

Maximum allowab le working pressure (MAWP) -determined by
the weakest component of a system or subsystem. The pressure-
relief device protecting that part of the system is set to the MAWP .

Maximum operating pressure (MOP)---the actual working
press _ire, usually 10 to 20% below the MAWP. This lower pressure
prevents the pressure-relief device from opening unexpec~.edly .

Safety factor-the ratio of the component-failure burst pressure to
the MAWP. The safety factors are

• at least 4 for systems in occupied areas,
• 3 to 4 for remote systems, and
• under 3 with approval from line management generally after

review by the PVPC.



Module 3: Pressure System Safety

Safety Manifolds

Dead-ended systems are those in which fluids are continuously
held under pressure . This is different, for example , from an open-
ended system , such as an acetylene torch, in which pressurized
gases flow directly into the open atmosphere .

Many dead-ended pressure systems at the Laborato ry are supplied
by compressed gas. All dead-ended systems require a safety
manifold to control the source gas from its entry point to its end
use. Safety manifolds
• regulate delivery pressure ,

• protect from overpressurization,
• indicate pressure level ,
• vent unused pressurized gas, and

• meter end-use pressure .

The basic components of a safety-manifold system are shown in the
diagram below .

soure•

---------------------------------• sy"" t i s•
SOMY M- of" (Op"")

Rsgubtor Valve

FIN Valve

R- F

Vad Valve R.Nst Valve'
(ad d MAWP)

------------------------------------ J

Va WA Natpe of over 4 Inches in dameI b requited, k awd be or Me •aalaty type'
wlw t OwotR beat and O Anly aMsehsd pbeft tans. TM sosb ahottld read about
doubt the - j - -p wsswbut nww bn wan 12 times Nis wAmdettea spsnn pPNWAIL

se~.ty_ Motel $Yo m

to



Module 3: Pressure System Safety

Regulators

Regulators are devices that contro l the pressure of the system
contents. Regulato rs reduce pressure ; they do not act as positive
shutoffs . When they malfunction, gas can creep through them at a
slow rate and increase downstream pressure beyond the MAWP .
A fill valve should always be used to shut off gas flow completely.

No te: Many regulato rs contain built-in relief devices to protect the
regulator. These devices do not protect the system.

Single-stage regulato rs are used when constant regulation is not
important, as in a building 's air system . These regulato rs provide
high flow rates at moderate pressu res and allow output rressures
to drop as cylinders empty.

Two-stage regulators maintain constant delive ry pressures as
cylinde rs empty . These regulato rs generally allow lower flow rates.

Pressure-Relief Devices

In addition to the pressure-relief devices built into the gas cylinder
and the regulator , the pressure system as a whole must also be
protected by one or mo re pressure-relief devices.

Pressure-relief devices for the system must
• be set to below or at the maxim um pressure determined by the

component with the lowest wiAWP,
• provide su- dent flow capacity,

• provide a safe discharge path ,

• be placed on all parts of the p ressure system that can be
isolated, and

• be reset only by au thorized workers .

Note: All adjustments and other changes to a pressure-relief device must
be recorded in a logbook.

1e



Module 3: Pressure System Safety

Vent Valves

Tightening or adjus ting any pressure-system component while it is
under p ressure places undue strain on the th reads and can lead to
failure . Opening a threaded connection to re lease or vent pressure
is also unsafe. Therefo re, vent valves must be provided to relieve
pressu re in all pa rts of the system where pressure can build up.

Depending on the type of gas, ve nt valves must discharge safely
away from personnel, often directly to the outdoors . These
discharge paths must be maintained as originally designed .

Double Block and Bleed

All valves can and will eventually leak. Leakage may be due to
wear or contamination at the seat ; however, even new valves often
allow some pressurized gas to seep through . When a hazardous
gas must be absolutely shut off from a system, extra precautions
must be taken.

In such s ituations , two shutoff valves a re used with a vent valve
between them. To close off the gas flow , both shutoff valves are
closed and the vent valve is opened . Any gas passing through the
first valve escapes safely through the vent valve rather ti n building
up enough pressu re to pass through the second rdoff valve.

vent

IProto-1J~ I 1---



Module 3 : Pressure System Safety

Pressure Gauges

Pressure gauges are often required to provide more accurate
system -pressure readings than regulator gauges can provide .
Pressure gauge s

.

.

.

.

are most accurate if graduated to about 2 x MAWP ;

should not be used if they read less than 1 .2 x MAWP;

must be made from mate rials that are compatible with system
contents and pressures ;
must be safety-type gauges if used in high-hazard applications
(for example, the gauge must have safety glass and a blowout
back) ;
should be protected with a snubber against surges or oscillating
pressures; and
should be protected with a pressure-relief device.

Caution: Never use oil in an oxygen gauge.

Safe Work Practices

When working on or around pressure systems , you muse adhere to
safe work pract ices, including the following :
• Wear safety glasses with side shields , or u~ a face shield .
• Follow HCP or SWP requirements carefully.
• Use wamino . ions, and mark or label pressure vessels and

syste: r is to identify the operating pressure and contents .
• Restrict access to high-pressure areas.
• Handle , store, and dispose of gas cylinders safely.
• Avoid temperature extremes , which can cause pressure

changes and component failure.

Caution: Never, under any circumstances, work on a pressure system
while E is under pressure. Instead, depressurize the system, and use
lockout4r gout ifappropriate.



Modulo 3: Pressure System Safety

Exercise : Pressure System Assembly

The diagram below shows a top view of a typical pressure system .
During this hands-on exercise , you will make three connections of
four preassembled subsections of this system.

1 CylhXder
2 CGA Connection
3 ReguWw
4 Regulator F16 Val"
5 Down Tube
6 Vent Val"
7 Vent Tuba
6 Chock Val"
6 Prosoure.Rel$st Device

Prsssura System Asaambly

10 Vent Tube
11 Snubber
12 System Gain
13 ebokkq Val"
14 Vent Val"
15 VWI Tubs
16 dbokkp Val"
17 PigtaN

Instructions: To assemble the r -assure ststem, follow these
steps . Note: All connections use Swagelok" fittings, which should
first be ham'-a;gntened and then wrench-tightened, using two
wrenches, with no more than a one-eighth turn . Avoid cross
threading; if the pieces do not fit together easily, notify the
instructor.

1 . Connect the do snr tube (6) to the Tee connected to the vent
valve (6), the vent tube (7), and the check valve (8), such that
the tube reaches up to where the regulator (3) will attach to the
gas cylinder (1) .

2. Connect the check-valve end of the system to the Tee connected
to the pressure-relief valve (9) and the snubber (11), which is
connected to the system gauge (12) . Note: This second
subsectic,s contains a simple copper tube representing the
pressure vessel to be served by the safety manifold.

3. Connect the system-gauge end of the system to the double-
block-and-bleed arrangement (13, 14, 16), which is connected
to the pigtail (17) .

22 #4 a seftw ork N ew



Module 3 : Pressure System Safety

This system is now ready to be connected to a regulator and
mounted onto a gas cylinder in the Gas Cylinder Safety course,
which is a follow-on to this course .



Module 3: Pressure System Safety

Exercise : Pressure System Assembly--continued '

This system is now ready to be connected to a regulator and
mounted onto a gas cylinder in the Gas Cylinder Safety course,
which is a follow-on to this course .



Course Objective s

Pressure Safety Orientation

w.r. . Arwowrr » L.s Ala ss

Module 1 Objectives

• Ust training requirements for pressure-systsm
worsts

• Identify pnuurarelated codes . standards .
regulations. and Laboratory mquirenwnt s

• Identify Laboratory pressure saf ety resources and
supports

L" Ab.M

Other Pressure Safety Training Availabl e

• Gas Cylinder Sst ..ty

• Mtermediai- aria High-Pressure Safety

• C ryogen Safety
• Hydrogen Gas Satey (SelfStudy)

Aww amw awwr L.. Miss

• Rseoguis that gee compressed abo ve ahnospherk
passme an bs s sigrtlkant sormCe of energy and
must be tattled carefully

• List the myor conlpoftante of the Laboratory Pressor,
Safety Progra m

• Describe pressur♦nlatd aecldsrtts and lessons
Isarrred

• Recognise basic pnsnre syslams and Unk safet y
feadmu

awm"rn LasAt.ws I

Pressure !ftTraining Requirements

Pressure safety training le required for a ll personnel
who work with preSSme systems and perform any
of dwase functions

• Design

kawledort
. =,stkrg
• plin

• Mal 1- ml
. pp n

n..warrar..rr.. L.. Ails

National Safety Codes and Standards

• ASME Boller end Pressure Vessel Code
• ANSVASME Pressure Piping Cod e
• M•tlneon Gas Data Book
• CGA handbook and parspNats
• National Fla Codes and S tanderra
• 2! CFR 1010

• N CFR 106-100

• Uniform lire Cod e
• Urtlorm Building Code

• Fede ral and stets emieonmenfai regulations

I1.~w s.~ram.r.. LM Ats.w
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Laboratory Pressure Safety Program Documents

• t. IR402.610.f11 , Chemic al Managemen t

• UR402-1200-01 . Pressure, Vacuum, and Cryogenic
Systems

• UR402.6e0-0 1, Cry ogenic Fluids or Cryogen

• UG402-1200-01, Compressed Gases

• LIG402-1200. 02, Gaseous and Uquld Hydrogen

• LIG402-120042, Inspection and Tes ting of Pressure
Systems

n ..w.. .y0a.. ..Y..

Pressure Safety Committees

Les Ale.es

serwt w

.v.s••l . a" • lh.bes .n. .wre .ahM hw.e••• •
JWA~ o. . soft ....rs ..vs

(CLOSC) 0l .wee". l aws..a. .

A.Mkft ere. I .. ..a .ss.a.. 4.. HCP..
..a elan'..
n.wve. q.. .a . .. . .7.www endow
..r.y N .ry.SMle o. .■...

lpw MM.w.Y.. M a. CLOOC .a 7.42.0.

posedwe v.. .sl sera n..h .. sreb..s.
C..ur i

(PVPCI
AaMM . .w..»wlr .

A..nw LMnaerT- wN. .d.awn+..

For I...w. .a ... ..V.$VPC. .I 10003 j

Module 2 Objectives

• Recognize hazards associated w.:h pre ssurized fluids

• Describe the awes of pressure dated accident s
• Recognize 1h impo rtance of safety while working

with Pressurized systems and containers

w.a..s..waw.ra. Les Ahws

Pressure Safety Prooram Assistance

preserve s/s hen
ph"I s
rr...r .r

o,.resernl .svkela so" -?-am I

T.0MMy .wr vs ..a_Use soFS 74aa1

s-NS.e - PO-00 a-0sas
OF.reO.. ., e .skwrw .e,a
fte"

FwO•FE 7.4117

rh., wrhw..L,4 i FwO.PmI 7-0040

Prsserve.sw- sombre"" Es1449r 71111

orlwwy as#&* wed 7.440

IM.k a..ly. s go" 74e5a

TraY.k.a Ee1113 7-0011

l . ..wLka. a..reler

Liquid Nitogan Dower Explosion

U" and Ssttp
-vent on dabecf d in s54onslIy?

•No prswae rdf vet .

•laek elsto'dw5 lalowlsd.

•010 not appy law.

•0m; use Lab lesaet11

41550 to 0001 1UC10r iMclOr

4nvtvbd Delmer w1M U4ube
vent

•IMdeyub Comm of
p sssus to 515,1 lb w

•Vwd Incwoo~ to bold up

incident
•Fresam row above eta pd

•Esplodid S m1.411a albr suet

w .erwar.rosrr..

Corrective Acaon

•Adwa to Ub
•a0ps wrabn for LN2

408111109

Les Ah.ea

f
4egeetlshls and welMewna

Les AY..s

Hazards Associated with Pressurised Fluids

• Machanlcal fsilu e-{under high pfpeure. damaged or
mishandled p ressure vessels can fracture violsrWy .

• Whipping li nes and hoses can
lash through o01se# and cause severe bot►`j harm.

• khiacton hazards--Prseeartasd Auld belting hole a
small opening at high velocity an pentrsis go Mn
and cause Inbmat damage .
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Q-" Ck.W

• when absolute slustoff k negseary , ext s pncaAions
must us tslr n

• Two shutoff value Sr. uesd wah a vant vela Uelsvesn
Vets

• To does off to gee flow, boM shMOff valves an closed
and to vent vale Is opened

Ph-arvarsirra. L.. s_s

Page 9

a+v

Gas Plant Acddent

hydrogen
A -arvorrr.

Oxygen

Lau a_s

Lau A s

Specific Causes of Pressu re-RN. tau a►cdd.nts

• Poor design In terms of
- contra and sway dsvlc.s

Material strenaom
- Material oapMAMly

• Faulty eornponsnt ntenuhttras
• Faulty assembly an&or ktehNstion

• Poor maIntenann

• Poor operating procedure s

A....arvwr.rs.. L sAar.



Low-Pressure/High-Volume System s

• Even very low pressu res on a la rge area can amount
to tremendous levels of energy

• The magnitude of a pressure- rela ted accident rela tes
to the total stored energy

• A S•puig overpressure on a 4-footsNametor manhole
cover on a larg e tank caused two fatalities

ft- any ow.w

Module 3 Objectives

!:CI T
.0 p- fM

rA.•wt. -h -k mdba .awl

Twt t».. .••• M Mat syv . .r
T. M P .. a r ..a.%- -"- -5s•Mryffb-

a .-r..- WW-W .-" A.. ... aril .
LlrYra l aw--

e.•.nw. .-.rra p .•.r.

• Define basic pressure -system term s

• Recognize safety components built into pressure
systems

• Ust safe work practices relating to p ressur e
system s

ft- any a~

Pressure Levels

.r

w

r

w

a

La . Alva

LM A s

-~a..a ■ » r an
C a.avr . ar ..w. t.r rte.- asP. w

ry ..yr o.w•a
I

.t.Ml .. any -5-

LOW PRESSURE ACCIDENT

rta~s-etsesrr~ra

Terms and Definitions

Li. AYata.

• Maximum allowable working p ressure (MAWP)
- Dalomined by Ow weakest componen t
- Determines due pressure reief davioe setting

• Maximum operating Pressure C IOP )
- Aclusl working Pressu re. ueuas ; ; r^ to 20% below

the MAWP
- Prevents the press!..-- .able device from opining

unexpec'rn ,

• c ::.ry Factor
- Ratio of the component-failu re burst pre sure to

the MAWP
- At least 4 in occupied areas; 3 to 4 In remote areas;

undo 3 with special approv al

manifolds

• Regulsi delivery p re ssure

• Protect from oval pressuritaton

• Indicate pressure level

• Vent unused pre swrfzad gce

• Meter end-use pressure

w Af ws

A .~w any ebn.ats La. Alw-
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Safety-Manifold System

err rr Volvo
i n //.1 rat WW.

'W a led pit.sIasIIndwe In de lsrItm dod.ItasstMdew
'edety tees' SO Mswut back sn/ s.asdy setdW / c I.ca The
sells dt.uad reed .taut BUMS M ayttua sr•awus . Wt rww1s , even
12 Sans el.awdmum swIes psawe.

/IOrrwarwaru .

Regulato rs (cent .)

I" Alwrs

• Single-stage regulators
- we used when constant regulation Is not needed

or input pressure is kept constant ;
- p rovide high flow rates at moderate pressure s ;
- let output pressure vary with the input pressure.

• Two-stag. regulators
- generally are limited to lower flow rafts :
- mai ntain constant delivery pressures over large

range of Input pressure.

pit .

Veld Valves

• Bellew pressure In as pails 0 the system where
p ressure can build up

• Must discharge safely away trim personnel . often
dire ctly to t he outdoors.

• Dischar ge paths that are changed must be assured
to avoid harmful contact with pawn. .,.

r+....aavaa.rr.

Regulato rs

• Reduce pressure
• Maintain pressure at a set valu e
• In eoniunctim whit aperture sizes. determine the

flow of pressurized contents thro ugh systems

• Can not assn a po sitive dhuloff

I, .r warwarrrw 1M Alw.

System Pressure-Relief Devices

• Set to below or at the maximum pressure determined
by the component with the lowest MAWP

• Provide suMklnt flow coped y

• Provide a soft diaeherge path
• Placed on all pails of the pw aresystem that an

be isolated

• Rees + :,iy by authorized workers

w.w.arwa.rwa l.s Alwr s

Pressure Gauges

• Provide system-Pres swe reads ge
• Most accurate N graduated to about 2 x MAW P
• Should not be used If they read lass than 1 .2 x MAW P
• Must be made from materials that are compatible with

system contents and pressures
• Must be salty4ype gauges If used In hlpti•hmrd

optic
• Should be protected with a onubbsr agsInst surges or

o.eillrwmg pre ssure s

• Should be protected with a pressure-relisf device

w.. ..arlaro ...ar 1 ... Alwras
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Sob Work Prctioss

• Wear sooty glasses with aids ahlalds; use a face
ahlald On or high hatwrd setups .

• Follow HCP or $WP requkelrrerrb ar*^.

• Use warning signs and label pressure vessels and
aysterrs o lderdity cper-1M +g pressure and eotdanb.

• Rsakkt access to high-pres urn areas.
• Avoid tsmperslu a extremes.
• Hands. store, and dispose of gas cylinders safely.
• Never use a body part to lost forpressure.

• Never work on a syatatn while It I. under pressure.

TIGHTElMNG THE SWAGELOK F1TT1NGS

• Nand dglrtan slier carefully MI the tlrwds of Mrs
WA onlo 110 be*.

• Wrench Ug1NSn wish tale wrwrtlMS (backup wrench on
body) abotk orMetghltr of s Urn.

Noes : tw..wrweww~r••Mrrr.w...r. .wwea Mass
Meet raw • ~ I Iw saowdw laws& e..v .A
* .sensehmNw""mowwrwawl.tierM61 sawp M

w «oawrw .w.rrw as d ••M w+ .e m•M+«d

Aw.wa+warrrw L" AAwIi 1 1 wrwi ,se usA1~.
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